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LAMINATED CERAMIC ELECTRONIC PARTS 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to laminated ceramic 
electronic parts and more specifically to laminated ceramic 
electronic parts such as a laminated ceramic capacitor and 
a laminated varistor having a structure in which a 
plurality of internal electrodes are disposed so as to 
overlap each other via ceramic layers within a ceramic 
element composing the electronic part. 
Description of Related Art: 

A surf ace imounted laminated ceramic capacitor which is 
one of typicc 1 laminated ceramic electronic parts is 
constructed by disposing external electrodes 24a and 24b 
which electric illy conduct with a plurality of internal 
electrodes 22 ait both ends of a ceramic element (capacitor 
element) 23 having a structure in which the internal 
electrodes 22 are disposed so as to face each other via 
ceramic layers \ 21a within dielectric ceramic 21 and 
respective one ends of the internal electrodes 22 are led 
alternately to the opposite side as shown in FIG. 2 and is 
characterized in\ that it can obtain a large capacitance 
even though it ia small. 

By the way, with the miniaturization and the 
enhancement of capacity of the laminated electronic parts, 
the ceramic layer 21a within the laminated ceramic 
electronic parts auch as the laminated ceramic capacitor 
have come to be thinned and a number of laminated layers 
thereof to be increased rapidly and those having a 
structure in which A thickness of the ceramic layer 21a 



V 
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interposed between the/ internal electrodes 22 (effective 
thickness of element) is 5 /xm and the number of lamination 



exceeds 10 0 have come 
The ceramic layer 



:o be put on the market . 

21a has come to be thinned such that 



5 there is no big difference with the thickness of the 

internal electrode 22 :.n such laminated ceramic electronic 
parts and even one in which a rate of a total thickness of 
respective internal electrodes to a thickness of a ceramic 
element (chip) (thickness of internal electrodes 
10 (total) /thickness of ceramic layer) exceeds 0.30 has come 

to be provided. 

Then, thereby, %T sintering characteristic of the 
laminated ceramic electronic part, i.e. the product, is 
largely influenced by\ a sintering characteristic of a 
15 material of the internal electrode in a sintering process. 

As a result, there has open a problem that when the rate of 
the material of the internal electrode to the ceramic 
element increases, an incidence of delamination and crack 
increases in the sintaring process, thus increasing a 
20 fraction defective and degrading the reliability. Further, 

such laminated ceramic electronic part has had a. problem 
that it is liable to <|ause cracks when it receives a 
thermal shock. 



SUMMARY OF THE INVENTION 

25 Accordingly, it is an object of the present invention 

to solve the above-mentioned problems by providing highly 
reliable laminated ceramic electronic parts in which 
delamination or gracl^ ^an be suppressed &a?©Tfl gtrt yarri ftg 
during sintering procgss and which excels in thermal 

3 0 shock resistance even if a number of jraminat ion, of, internal 

K .electrodes is increased and a thickness of \ ceramic layer< 
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In order to achieve the above-mentioned object, the 

Pn^tM- i weiw^ j viiUlt*. <\ . , .v, 

ma.' c 11 IT i u u i ..11111 1 1 1 1 1. 1 r n ceramic electronic part having a 

\ 

structure in which a plurality of internal electrodes are 
3 disposed so as to overlap each other via^^^mfe layers 

frithin - ■■ a ' ibiiamic ^twncttfe and the internal electrodes are 
led to terminals on the opposite sid^5 of the ceramic 



e 1 erne nt^p©*; layer ic Ghari n r? l t;ttr^■ l n!.d ■ in Lhei ' t 1 It! satisfies the 
• following requirements : ^ 

V (a) ^£ thickness of eke ceramic layer is 10 urn or 

10 less; 

JJj (b) ^ number of jr ami nation of th y internal electrodes 

is 2 00 or more; 

fl (c) la> ratio of the thickness of the internal 

ft electrode* to the thickness of the ceramic layers (thickness 

ik 15 of internal electrode/thickness of ceramic layer) is 0.10 

^ 0.40; and 

^ (d) *^£*ratio (volume of internal electrode/volume of 



ceramic element) of^P^c&umL of tlje internal electrode£to 
X volume of the ceramic element (fr ota - 3» volume of internal 
" ' lie) is 0.10 " " " 



20 elect^rodes^and th^ceramicO^is 0.10 tQ 0 ^30 

^ el^ and crackj/^ 

from occurring during the sintering process, to improve bia^ 
thermal shock resistance and to provide^h^ highly reliable 
laminated ceramic electronic part even when the number of 
t j£ Li ra internal electrodes is increased and the 
thickness of the ceramic layer is reduced Jfe^; sabisfyiiiy blfts 
requirements of that the thickness of the ceramic layer is 
10 /xm or less ) the number of lamination of the internal 
electrodes is/ftOO or more; the ratio of the thickness of 

3 0 the internal Ja/ectrode to the thickness of the ceramic 

layer (thickneejs of internal electrode/thickness of ceramic 
layer) is 0.10 to 0.40; and the ratio of the volume of the 
internal electrodes to the volume of the ceramic element^ 
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(volume of internal electrodes/volume of ceramic element) 

is 0.10 to 0.3V. % 

That is, it becomes possible to arappresj-e* the influence 

of the sintering characteristic of the material of the 

internal electrode during the sintering process and to 

prevent delamination and ^Po^^ $rom occurring during the 

sinterin rolling the ratio of the thickness of the 

A 

internal electrode to the thickness of the ceramic layer 
(thickness of internal electrode/thickness of ceramic 
layer) .md it, Becomes possible to enhance the strength of 
the laminated ceramic electronic part against thermal 
stress and to provide the highly reliable laminated ceramic 
electronic part by controlling the ratio (volume of 
internal electrodes/volume of ceramic . element) of the 
^Jxfeime of the internal electrodes to the ^o?ime of the 
ceramic element (total volume of internal electrodes and 



the ceramic) 
A 

The specific nature of the invention, as well as other 
objects, uses and advantages thereof, will clearly appear 
from the following description and the from the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWING (S) 

FIG. 1 is a section view showing a structure of a 
laminated ceramic electronic part (laminated ceramic 
capacitor) according to one embodiment of the present 
invention; and 

FIG. 2 is a section view showing a structure of a 
prior art laminated ceramic electronic part (laminated 
ceramic capacitor) . 



DESCRIPTION OF PREFERRED EMBODIMENT 

One preferred embodiment of the present invention will 
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10 



3 



"3 

o 



25 



^30 

b 



be described below in detail. FIG. 1 is a section view 
showing a structure of a laminated ceramic electronic part 
(laminated ceramic capacitor in the present embodiment) 
according to the embodiment of the invention. 

As shown in FIG. 1, the laminated ceramic capacitor is 

4a and 4b. 



constructed by disposing external electrodes 

- i*rta3 c entos*- , 

uujla l uCTr A with a plurality of internal 



whi cB^ e-JrS u LI'lOcA 1 ly C 
electrodes 2^ at ^ _ 



s of a ceramic element fca 



elmumr fe) 3. hastily "a- 



electrodes 



apacitor 

w hiok .tefee internal 
A 



2 are disposed so as to face each other via 
ceramic layers la within, ceramic. 1 and A respective eoe end& w 
of fehe » internal electrode^ 2 irfri-t-^ t-h^ ^ppQ^iryqiHa 



m — f abricating — fibril a 



ceratfwre 
thickness 



law i-nate^ 



sJleets^w& 

or /v - 

^im^aasU 4.3 /-im 
-Then, 



rsspefifearv*e±7^ — aft e i * 1 ' biiiLei iny — 

conductive paste for forming the internal electrode 
fe^aQ printed on one surface of the green sheets^aMiirrh fchat 



Pi 



fe trey Lum out to - hav<S " thi i s feae-s- ffl ao otenro in Tab 1^1 . Then, 
after laminating afttfB compressing them such that a number of 

lamination of the ^ te jj^|i*^ e .^^ out to ^ e 200, 

^ ^clflffii^^ ^t^^predetermine^^ize (length L = 



3.2 mm, width W = 1.6 



P3 
mm) 



to obtain laminates (non- 



Yarninate by hr?a>t to degrease CCWfiju^dttf 



sintei^i ceramic element) ^vni^ e v cvnow« y^wivrf 

j fitic^, fa^i » treating the^9^mi^tS g by hc*f»t to degrease Cdt)^ii(}t)fi 



and -tow sinter^ widei 1 uiuduLoi ii ti i iefl ' C r m d4 



conductive 



applied 



joaste for forming the external^ 

ends of the sintered ceramic element. . 
A A 

Is feey have bbr esfr* sintered to form the external electrodes an 



the laminated ceramic capacitor as shown in FIG 



characteristics of 



each ^ laminated 



ceramic 
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. oapQoifaQr thuu uijfc al lYfed, s uch value of electrostatic 

capacity ^feo be ofc ^ ka - modj a value j)f insulation resistance, 
^«wa» incidence of delamination^ft^^^ incidence o f ^ >rQ ( ^ ^n 
^the^jarf ace of the ceramic elemen^l &^wel^ affi alfe lncidence 
of^JJS^^Vincidence of thermal shock crack) when a thermal 
shock (_T = 350°C) is applied 1^ - \^Soln > ^uiJ t ^ . Table 1 
shows the 

A 
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TABLE 1 
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Thickness of Ceramic 

Thickness of Internal Electrode 

Ratio of Thickness of Internal Electrode 

Ratio of Volume of Internal Electrode 

Value of Electrostatic Capacity 

Value of Insulation 
Resistance 











v 


_ ) 

1 




(uF) 


log IR 


V o 1 


V o / 


(%) 






9 8 


0.68 


o 


. 06 


0.075 


1.81 


12.01 


0.00 


0.00 


0 . 00 


Q 


2 


9 8 


0.99 


o 


. 10 


0.100 


2 . 25 


12.00 


0.00 


0.00 


0 . 00 


, r-c 


3 


9.8 


1.13 


0 


.15 


0 . 112 


2.37 


11.98 


0.00 


0.00 


0 . 00 




4 


9.8 


1.97 


0 


.20 


0 . 186 


2 .43 


11. 87 


0 . 00 


0 . 00 


0 .00 


J 


* 5 


9.8 


2 . 50 


0 


.26 


0.307 


2.23 


11. 98 


0 . 33 


1.35 


2 .13 


i Vt 
=e* ? 


* 6 


6.2 


0 . 58 


0 


.09 


0. 095 


2.78 


11.53 


0 . 00 


0.00 


0.00 


5 


7 


6.2 


0 . 87 


0 


. 14 


0.135 


3.54 


11.25 


0 . 00 


0 . 00 


0 . 00 




8 


6.2 


1.15 


0 


.19 


0.172 


3 .42 


11. 15 


0 . 00 


0.00 


0.00 




9 


6.2 


1.87 


0 


.31 


0.257 


3.15 


11.01 


0.00 


0 . 01 


0 .00 


S a 


*10 


6.2 


2 .40 


0 


.38 


0 .310 


3.07 


11.07 


0.53 


0 . 97 


0 .54 




*n 


4.3 


0 .41 


0 


. 95 


0.103 


3 . 98 


10 . 10 


0.00 


0.00 


0 .00 




12 


4.3 


0 . 71 


0 


.16 


0.170 


4.54 


10.93 


0.00 


0.00 


0 . 00 




13 


4.3 


0 . 97 


0 


.23 


0.200 


4 . 95 


11. 25 


0. 00 


0.00 


0 . 00 




14 


4.3 


1.23 


0 


.29 


0 .210 


5. 01 


10. 98 


0. 00 


0.00 


0 . 00 


15 


*15 


4.3 


1. 65 


0 


.41 


0 .310 


4.99 


10.33 


0.13 


0.52 


1.58 




*16 


4.3 


2 .40 


0 


.56 


0.390 


4.83 


10.54 


0.97 


1.35 


3 .51 



I 

Incidence of Delamination 



Incidence of Cracks Hj$ 

Incidence of 

20 Thermal Shock Crack 



SPEC\24986i 



- 8 -' 



_ It is noted that in Table 1, those samples marked with 

* c^a thodo- out "p j* the scope of the present invention 
r 

(comparative examples) and the other samples aj?e — rtTOSf? 
within t]^^ scope of the invention. 

ui ' ther , 1 'VRa.Ua * of Thickness of Internal Electrode" is. 



the jrarfe- of the.thicKness of the internal electrode to LllU ' 
thickness of bbe^ ceramic layer (thickness^ o^ 0 internal 



electrode/thickness of ceramic layer) and —' 



of the A voiu 




olume 



of Internal Electrode" is the^ ? i?f^ of the /volume of the 
internal electrodes to the volume of the ceramic A '-baye 
(total volume of the internal electrodes and the ceramic) . ■ 



of the v 



o 



25 



t) 



30 



Further, the q v a lu citing — itomo '— and — ~su number of 
ad iTSfi samples (n)^in Table 1 Ja ao" » ha d — i = J ^ f ol 1 o**" ^g- 



;c olationohip -» 



Electrostatic Capacity, Insulation 

* rr = JrthQ» 

Incidence of Delamination and Crack/ijJ " (l^^OQ \ 

Incidence of erae^^aue to Thermal Shock lf\zz£(jQ\ 

* it - 500- 



As shown in Table 1, it has been confirmed that while 
(1) the value of electrostatic capacity is small in Sample 



No. 1 whose 



of the thickness of the internal electrode 



is below that of the scope of the invention (0.10 to 0.40) , 

(2) the value of insulation resistance is small in Sample 

No. 11 whose !£vat<» of the thickness of the internal 
A 

electrode exceeds that of the scope oij^the invention, and 

(3) the incidences of delaminationf*lrrae^and e^^^ue to 
thermal shock are high in Sample Nos. 5, 10, 15 and 16 



whose the volume of the internal electrode exceeds 

that of the scope of the invention (0.10 to 0.30), the 
samples within the scope of the invention which satisfy the 
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requirements of that the ra fe g of the thickness of the 
internal electrode to that of the ceramic layer (thickness 
^ of internal electrode^t^hickness of ceramic layerris^ 0 . 10 
^ ^feU*^0.40 and the Jpbe of the volume of the internal 

5 electrode to the volume of the ceramic element (volume of ^ 

US internal electrode/volume of ceramic element) is 0.10 be* 

0.30 can obtain characteristics which are practically no 



problem with respect to the values of electrostatic 

capacity and of insulation resistance, cause no 

10 delamination nor l^^fe ^uring the sintering process and 

cause no to thermal shock. 

It is noted that while the present embodiment has been 

explained by exemplifying tfe^ laminated ceramic capacitor, 

A 

the present invention is applicable not only to trtr^ 
laminated ceramic capacitoinj but also to various laminated 
ceramic electronic parts such as a laminated varistor 
having the structure in which a plurality of internal 
electrodes are disposed so as to overlap each other via 
ceramic layers within the ceramic element. 

2 0 The present invention is not limited to the embodiment 

described above also in other points. That is, it is 
possible to add various applications and modifications 
thereto within the scope of the invention with respect to 
the thickness of the ceramic layer, the number of 
25 lamination of the internal electrodes, the rate of the 

thickness of the internal electrode to that of the ceramic 
layer, the rate of the volume of the internal electrode to 
that of the ceramic element and the like. 

As described above , because the inventive laminated 

3 0 | ceramic electronic part is constructed so as to satisfy the 
requirements of that the thickness of the ceramic layer is 
10 jxm or less; the num]3^r of lamination of the internal 
electrodes is 200 or more ■ the ratio of the thickness of 
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^ the internal electrod^ to the thickness of the ceramic 
layer (thickness of internal electrode/thickness of ceramic 
layer) is 0.10 to 0.40; and the ratio of the volume of the 
internal electrode to the volume of the ceramic element is 



0.10 to 0.30, it is po 
the sintering charact 



delamination and crack 
and to enhance the i 



sible to suppress the influence of 
eristic of the material of the 



internal electrode during the sintering process, to prevent 



rom occurring during the sintering 
tjrength of the laminated ceramic 



electronic part against \ thermal stress. , - f 

Aa „„,n 7 ronwlift, it Secomcg ' . possible to suppress 

delamination and. es^a-eic from occurring during the sintering 

A 

process even when the number of ieuuiiiali-iuri Of tin- internal 
electrodes is increased and the thickness of the ceramic 
layer is reduced and to provide the highly reliable 
laminated ceramic electronic part which excels in 
thermal shock resistance. 

While the preferred embodiment has been described, 
variations thereto will occur to those skilled in the art 
within the scope of the present inventive concept which is 
delineated by the following claim. 



